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SUMMARY 


The blood volumes of T young northern elephant seals (Miraunga angus- 
trostris) were analyzed by dilution of “I-labeled human serum albumin. 


Microhematocrit values were also determined. 


Using these techniques, a 


men blood volume of 216 ml./ke. and a mean packed cell volume of 64% 
were debermined for these diving mammals, 


It has long been known that diving 
animals usually have greater blood vol- 
umes than nondiving animals, Bert! re- 
ported that the blood volume was sreater 
in ducks than in bens. Bohr? reported 
the blood volumes of the puffin (Mormon 
fratercule) and the guillemot (ria 
frode) to be preater than those of non- 
diving birds. Ridgway and Johnston,’ 
using Tadioiodinated ("=") human serum 
albumin, reported the blood volume of 
the Dall porpoise (Phocoenoides dallti, 
a Pelagic deep-diving animal, to be twice 
that of the less active, in-shore Atlantic 
bottle-nesed dolphin (Tursieps  trun- 
cotus}, Harrison and ‘Tomlinson’ re- 
ported that the blood volume of the har- 
bor seal (PRhoca vituline) is about 645% 
greater than that of man (11% of body 
weight in harbor seals, using the Evans 
blue method, compared with 7% in man}. 
Wasserman and Mackenzie“ reported 
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values as high as 17.9% of body weight 
in P. vituline, using 'T-lsheled human 
senum albumin. Scholander'* exsaneui- 
nated 2 young hooded seals (Cystophora 
cristata) weighing 25 and 28 kg. each 
and collected blood equivalent to 9 to 
10% of body weight. He pointed out, 
however, that ",.. in the case of seals, 
due ta their enormous system of veins,” 
the technique probably accounted for no 
mere than 75° of the total volume. 
Harrison and ‘Tomlinson’? surveyed 
the anatomic and physiologic features 
in aquatic and amphibious mammals 
that might be associated with prolonged 
submersion on deep diving. They con- 
Cluded thal the presence and relative 
development of the caval sphincter, he- 
patie sinus, retia (or venous plexuses, 
particularly in the thorax), and extra- 
dural intravertebral veins were significant 
features relative to diving capability of 
the species examined. The authors 
found such adaptations most prominent 
in the ¢lephant seal (Afirounga leonine) 
and in the Ross seal (Ommatophoce 
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*Rvane bluo dye dochniqae, 


rewsf). Blood volumes in the southern 
elephant seal (M. leonine) were deter- 
mined by exsanguination to vary from 
11% of body weight in the newborn to 
16% in the adult and, in 1 adult female 
te be 207 mijke. as determined by 
Welcker’s method?! Elsner ef ef) re- 
ported the blood volume of a northern 
btlephant seal by the direct exsanguina- 
tion amd oxyeen capacity method toa be 
12% of body weight. 

The elephant seal is known to spend 
as much as 40 minules submerged and 
to dive as deep as 183 meters,’- making 
it one of the most prolonged divers 
among seals and sea lions, The purpose 
of the present investigation was to de- 
termine the blood volume in the northern 
elephant seal UM. angustirostris) by a 
method that can be accurate to 2.7 


KMaterials and Methods 

Seven morthern clephant seals were used. 
On the basis of size and weight, the seals 
wore estimated to be between 6 tonths 
and 3 years old, An injection of 10 pCi of 
radiniodinated ("1 human serum albe- 
min ins d-ml. volume: was made inte the 
right extradural vein (lying lateral to the 
spinal cord’) of each seal. Ten minutes 
after the isotope was administered, a 10- 
ml, sample of blood was collected from the 
left extradural vein for counting and packed 
cell yvalume determinations, The average 
count of two d-ml. portions was used in the 
blood volume ealeulations, 
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A standard dilution was prepared ly 
bringing mm Tetnl, ameunt of the injection 
eolution to a 2Msl-ml. volume with 1° 
calf serum ino isotenie sodium chleride,® 
The serum was added to prevent denatura- 
tion of the albumin. A 4-ml. sample of 
blood from each seal and the standard 
were counted in a 7.6- by 7.6-0m. sodium 
imide wellecrystal with a single channel 
Tulse height analyser." 

Blood samples were collected from 1 seal 
(Wha. 2) at 10, 20, 30, 90, and 240 min- 
utes after injection and were counted, Am 
Byvans blae® dive dilution blood volun che- 
termination was alse performed on seal 
Ma, 8. Foe mullaliters of a Oho ELLIS Ls 
solution was injected. Injection and sam- 
Hing techniques were the same ss for the 
raidioiselope mele, Samples were ool. 
lected LO amd 380 minutes after injection. 
Pholomebric puna byaiss Wis mene: on. gL ols 
Orimeter.” 


Results 


Calculated blood volumes andl micro- 
hematocrits for the 7 elephant seals are 
shown (Table 1). Eleven determina- 
tions with radioactive iodinated Hurnan 
blood serum albumin yielded «a mean 
blow volume of 216.40 ml.fke. = 28.1 
moL,kg. for these seals. The mean packed 
cell wolume was 64.5%. 

The data from the blood volume de- 
terminations with Evans blue (seal Ma, 
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3) are also shown (Table 1). The sam- 
ples collected 10 and 20 minutes after 
injection were identical in optical den- 
sity. 

The level of radivactivity in the blood 
of elephant seal Ma. 3 after it was 
injected with labeled human serum al- 
bumin is shown (Pig. 1}. ‘(he measure- 
ment at the 30th minute postinjechon 
was decreased only 2.7% from that at 
the 10th minute, This seal had been given 
human serum albumin on 3 previous oc- 
casion: for blood yolume determinations 
(Table 1). [f an immune reaction ex- 
ited, the rate of disappearance of the 
radioactive iodinated human blood ge- 
mum would be greater than the removal 
rate when a seal is first exposed to this 
foreipn protein, 


Discussion 

It is posible that the use of radio- 
golive podinated human serum albumin 
for blond volume detenminations in spe- 
cies other than man can yield erroneous 
fata due to its rapid removal by the 
reticuloendothelial system of the ani- 
mal, Results af monitoring the blood 
of an elephant seal for 4 hours indicated 
that the disappearance rabe of radioac- 
tive iedinatedd human blood serum albu- 
min is less than 15,10 minutes. This 
rate is certainly within acceptable lim- 
its for determinations of blend volume 
hy radioisotope dilution. The similar 
activity of the 10-, 20-, and 30-minute 
sumples demonstrates that a 10-minute 
mixing time is sufficient for thorough 
dilution. Resultg using Evans blue dye 
dilution that have «a elose correlation 
with the labeled albuniuin values also 
demonstrate that immunologic factors 
were not significant in the present stud- 
ies. Together, these reeults demonstrate 
that labeled durian albumin can be used 
as an accurate measure of blood volume 
in the elephant seal. 

In a variety of mammals, there seems 
ta he a correlation between blood volume 
and the natural behavior and environ: 
ment of the animal." One may assume 
that blood volume is directly related to 
physiologic clemeand. 
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CMa. 2! abter it was Injected 
fidinated human bleed erum 


Fig. Te==Dincresse 
an elephant seal 
with radinective 
albumin 


Blood volume determinations by the 
ise Of '1]-labeled slbumin have econ- 
sistently yielded greater values than ex- 
sanguination techniques. ‘Two possible 
explanations cxist for these differences. 
The first possibility is that the 2*11-la- 
beled albumin technique is measuring 
something more than blood volume in 
these marine mammals. Results of the 
present experiments with radioactive 
iodinated serum albumin disappearance 
rate and Evans blue dye blood wolume 
determinations have demonstraterL that 
thit is mot the case. The second, ane 
most likely, possibility is that Sche- 
lander“ was correct in his estimation 
that the exsanruingtion technique ac- 
counts for only about 76% of the total 
blood volume in seals. Therefore, the 
blood volumes of the seals of Bryden 
and Lim! (16% of body weight by ex- 
sunguination) when corrected for blond 
remaining im the sen] were very similar 
to thase in the present study. 

Seemingly, beth the southern and 
northern elephant seals have mean blood 
volumes representing 20° or more of 
body weight. On the basis of available 
evidence, the elephant seal has the high- 
est reported blood volume of any mam- 
mal, 
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